The incorporation of potentially antimicrobial volatile compounds (orange essential oil 32 and limonene) into soy and rapeseed nanoliposomes was carried out by encapsulating 33 them trough sonication of their aqueous dispersions. Nanoliposomes were added to 34 starch-sodium caseinate (50:50) film forming dispersions, which were dried to obtain 35 films without losses of the volatile compounds. Structural, mechanical and optical 36
Electrophoretic mobility 195
Electrophoretic mobility of nanoliposomes was measured in the aqueous dispersion 196 by means of a Malvern Zetasizer Nano ZS (Malvern Instruments, Worcestershire, UK) 197 at 25 °C. Dispersions were diluted to a particle concentration of 0.01 % using deionised 198 water. 199
Surface tension 201
Surface tension of nanoliposomes aqueous dispersions (and film forming 202 dispersions) was measured by using a Krüss K100 tensiometer (Krüss GmbH; 203 Hamburg, Germany) equipped with a platinum plate. All measures were taken in 204 triplicate at 25 °C. 205 206
Preparation and characterization of film forming dispersions 207
Seven different film forming dispersions based on corn starch, sodium caseinate 208 and glycerol as plasticizer were prepared. Corn starch was dispersed in cool water to 209 obtain 2 % (w/w) polysaccharide dispersions. These were maintained, under stirring, at 210 95 ºC for 30 min to induce starch gelatinization. Sodium caseinate was dissolved 211 directly in cool distilled water (2 % w/w). Afterwards, both hydrocolloids were mixed 212 to obtain dispersions with a starch:protein ratio of 1:1. This ratio was used on the basis 213 of a previous study carried out by Jiménez et al. (2012c) who observed no starch 214 crystallization in this mixture. After this step, a controlled amount of glycerol was 215 added (hydrocolloid:glycerol ratio was 1:0.25). In the case of dispersions containing 216 nanoliposomes, 10 g of nanoliposome solution were added to 90 g of hydrocolloid 217
dispersions. Then the mixtures were maintained 1 hour under stirring at 300 rpm to 218 disperse nanoliposomes. 219 220
Rheological behaviour 221
The rheological behaviour of the film forming dispersions was analyzed in 222 triplicate at 25 °C by means of a rheometer (Malvern Kinexus, Malvern Instruments, 223
Worcestershire, U.K.) with a coaxial cylinder sensor. Flow curves were obtained after 224 resting the sample in the sensor for 5 min at 25 °C. The shear stress (σ) was measured as 225 a function of shear rate ( γ& ) from 0 to 1000 s -1 and up and down curves were obtained. 226
When samples showed non-Newtonian behaviour, the power law model was applied to 227 determine the consistency index (k) and the flow behaviour index (n). 228 229
Preparation and characterization of films 230
Films were obtained by casting. Film forming dispersions were gently poured 231 (88.84 g of solids/m 2 ) over PET Petri dishes (85 or 140 mm diameter) resting on a 232 leveled surface. The dispersions were allowed to dry for approximately 48 h at 45 %films were prepared: without nanoliposomes (control), with lecithin nanoliposomes 235 (Rap or Soy), with limonene-lecithin nanoliposomes (Rap-lim or Soy-lim) and with 236 essential oil-lecithin nanoliposomes (Rap-oil or Soy-oil). 237
Film conditioning 238
Before tests, all samples were conditioned in a desiccator at 25 ºC and 53 % RH, 239 by using magnesium nitrate-6-hydrate saturated solutions (Sigma-Aldrich Chemie, 240
Steinheim, Germany) for one week, when the analyses were carried out. 241 242
Mechanical properties 243
A Lloyd instruments universal testing machine (AMETEK, LRX, U.K.) was used 244 to determine the tensile strength (TS), elastic modulus (EM), and elongation (E) of the 245 films, according to ASTM standard method D882 (2001). EM, TS, and E were 246 determined from the stress-Hencky strain curves, estimated from force-distance data 247 obtained for the different films (2.5 cm wide and 10 cm long). At least four replicates 248 were obtained for each formulation. Equilibrated film specimens were mounted in the 249 film-extending grips of the testing machine and stretched at a deformation rate of 50 250 mm/min until breaking. The relative humidity of the environment was held constant at 251 53 % during the tests, which were performed at 25 °C. 252
Measurements of film thickness were carried out by using an electronic digital 253 micrometer (0-25 mm, 1 µm). 254 255
FTIR analysis of films 256
Fourier transform infrared spectroscopy was used to study the presence of 257 interactions between components in conditioned films in total attenuated reflection 258 mode (ATR-FTIR). Measurements were carried out at 25 ºC by using a Tensor 27 mid-259 FTIR Bruker spectrometer (Bruker, Karlsruhe, Germany) equipped with a Platinum 260 ATR optical cell and an RT-Dla TGS detector (Bruker, Karlsruhe, Germany). The 261 diaphragm during analysis was set at 4 mm whereas the scanning rate was 10 kHz. For 262 the reference (air) and each formulation 154 scans were considered from 4000 to 800 263 cm -1 , with a resolution of 4 cm -1 . 264
After measurements, data were treated by using OPUS software (Bruker, 265 Karlsruhe, Germany). Initial absorbance spectra were smoothed using a nine-pointsto spectra. These were then centered and normalized using the mentioned software. 268 269
Optical Properties 270
To evaluate the films transparency, the Kubelka-Munk theory was considered for 271 multiple scattering to the reflection spectra (Hutchings, 1999) . When the light passes 272 through the film, it is partially absorbed and scattered, which is quantified by the 273 absorption (K) and the scattering (S) coefficients. Internal transmittance (Ti) of the 274 films was quantified using Equation 1. In this equation R 0 is the reflectance of the film 275 on an ideal black background. a and b parameters are calculated by Equations 2 and 3 276 where R is the reflectance of the sample layer backed by a known reflectance (R g ). The 277 surface reflectance spectra of the films were determined from 400 to 700 nm with a 278 spectrocolorimeter CM-5 (KonicaMinolta Co., Tokyo, Japan) on both a white and a 279 black background. All measurements were performed at least in triplicate for each 280 sample on the free film surface during its drying. Microstructural analysis of the films was carried out by SEM using a scanning 306 electron microscope (Hitachi S-4800, Japan). Film samples were maintained in a 307 desiccator with P 2 O 5 for two weeks to ensure that no water was present in the sample. 308
Then, films were frozen in liquid N 2 and cryofractured with a pre-chilled razor to 309 observe the cross-section of the samples. The different test films of the same diameter as the Petri dishes (containing or not 326 nanoliposomes) were placed on the inoculated surface. Inoculated and uncoated TSA 327
Petri dishes were used as control. Petri dishes were then covered with parafilm to avoid 328 dehydration and stored for 7 days at 10 °C. 
Electrophoretic mobility 399
The electrophoretic mobililty values of soy and rapeseed nanoliposomes containing 400 solutions are shown in Table 2 . The study of the surface charge of the particles is of 401 interest since it affects the stability of the nanoliposomes, specially in the studied 402 solutions in which the viscosity is too low. The electrophoretic mobility of 403 nanoliposomes containing solutions ranged between -3.21 and -3.36 µm·cm·V -1 ·s -1 for 404 rapeseed nanoliposomes and between -3.89 and 3.99 µm·cm·V and soy nanoliposomes were found. The surface tension of rapeseed nanoliposomes was 428 lower than for soy nanoliposomes containing solution. This fact can be associated to the 429 total content of polyunsaturated fatty acids (PUFA) with different surface activity. In 430 this sense, as showed in Table 1 , the content of PUFA was higher in soy lecithin than in In the case of film forming dispersions containing nanoliposomes, the surface tension 456 was always lower as compared with the control sample as it was expected by the action 457 of surfactants. Nevertheless, the values did not reach those obtained in the aqueous 458 nanoliposome dispersions, which indicates that protein is present to a great extent in the 459 water-air interface and no total substitution of this occurred when nanoliposomes were 460 added. No notable differences were found between the different formulations with and 461 without antimicrobials, except for the film forming dispersion with soy-orange oil 462 nanoliposomes where the lowest surface tension was obtained. The greater migration of 463 surfactant to the sample surface seems to occur, thus decreasing the surface tension to a 464 greater extent. This fact could be related with a lower stability of liposomes in this case.
Rheological behaviour 467
The study of the rheological behaviour of film forming dispersions is of interest to 468 have information about the fluid structure and interactions between particles during 469 flow. The analyses of the rheological behaviour of the film forming dispersions were 470 carried out at 25 ºC with a shear rate between 0 and 1000 s -1 . All formulations showed 471 newtonian behaviour at low shear rates and a shear thickening or dilatant character from 472 a determined shear rate (see Figure 1) . Furthermore, all samples showed non-time The change from newtonian to shear thickening behaviour took place at a shear 491 rate ranging between 238-291 s -1 , regardless the type of sample. From these shear rate 492 values, the experimental data were fitted to the Ostwal-de-Waele model (power law). 493
The flow behaviour index (n) and the consistency index (k) of film forming dispersions 494 are shown in Table 3 . No signficant differences in n values, were found for the different 495 samples; these values being higher than 1, as corresponds to dilatant fluids and the 496 consistency index was also similar for all formulations. Table 4 shows the values of the film's thickness, where the 516 increase of this parameter when nanoliposomes were incorporated can be observed, on 517 the contrary that occurs when free essential oil was incorporated in the film. This 518 increase confirms that, not only essential oil was not evaporated but also that the 519 arrangement of the polymer chains with lipids is more open probably due to a different 520 coupling of the components on the basis of the developed interactions. 521 work, the authors prepared the film forming dispersions by applying a homogenization 525 step, using a rotor-stator equipment, at 95ºC. The high temperature and the shear stress 526 promoted denaturation of the protein and the interaction between polymers, which 527 favours the formation of a more homogenous blend. 528
When control samples are compared with those containing lipids, a much coarser 529 structure is observed for the latter, which agrees with the increase of size of 530 nanoliposomes when incorporated to the film forming dispersions (data not showed)and the possibly progress of this increase during the film drying step. During this step, 532 as the water of the system is being removed phase transitions occurs in the lipid 533 association structures which may promote the break of liposomes and the re-534 restructuration of the molecule association, even giving rise to inverted structures 535 (Krog, 1990; Larsson, K., & Dejmek, 1990). In fact voids of different sizes can be 536 observed in the matrix, which can be associated to the presence of the lipid droplets 537 interrupting the matrix continuity in a size higher than nano-scale. 538
From the analysis of the stress-Hencky strain curves, elasticity modulus (EM), 539 tensile strength (TS) and elongation at break (E) were determined for each film sample. 540
According to McHugh & Krochta (1994) , these parameters are very useful for 541 describing the mechanical properties of a film, and are closely related with its internal 542 structure. Table 4 can be related with the kind of structure generated where the slippage of the chains 558 during the film stretching is more difficult. When heat-homogenization is was applied to 559 starch-sodium caseinate films with the same composition, extensibility is almost 2.5 560 times higher probably due to the heat induced unfolding of proteins and the more linear 561 entanglement of the chains in the matrix. In this work the heat-homogenization step was 562 not applied to avoid the rupture of nanoliposomes, thus losing the active compounds. 563 The colour of films as a consequence of nanoliposomes addition, is shown in Table  577 4, in terms of lightness (L*), chroma (C ab *) and hue (h ab *) parameters, for each 578 FTIR spectra of the films were very similar, as correspond to their similar 602 composition. Nevertheless, some differences can be drawn. The main difference is the 603 higher intensity of the peak at 1022 cm -1 in films containing nanoliposomes in 604 comparison with the control. As can be obseved, in Figure 4B , lecithins presented a 605 broad band around this wavenumber, thus explaining the greater intensity observed in 606 Figure 4A for films containing nanoliposomes. The intensity of peaks at 2854 and 2923 607 cm -1 also increased with nanoliposomes addition, in agreement with spectra observed in 608 
